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, PEPTIDE RATCHET LIBRARIES FOR CTLr-INDUCINS. : > 

2* ■ VACCINES AND THERAPEUTICS 

3 , •. ' - . ..■ • .-. ■ : ' : ' ■rp : \'f^::-J\-^ < H ■£ : -i. 

5 - ■ • FtF.T,D OF THF TNVKNTION V 
The present invention relates to ratchet libraries 

composed of related peptides synthesized simultaneously in 

: ' a single peptide synthesis. ^Ratchet libraries are derived 

^3>-:<M: from a longer; template peptide by sequentially g g 

•Ibl^v £ '■" "ratcheting" the template" sequence into the shorter 

vV^atchet length ' and are used fpir cytotoxic TU|mphc^e- ; r j- 

:ri f' " " <CTL) induction or stimulation if the CTL epitope 

13; ; known. If the CTL epitope is unknown, then the ra1:ctM8t 

14 ' ; r : libary can be used for identif ication of CTL epitopes. 

15 : The ratchet libraries can be prepared from any protein 

16 sequence to which an immune CTL response is desired and 

17 can be formulated for delivery as a vaccine or therapeutic 

18 for the treatment or prevention of disease or malignancy . 
i? For example, a ratchet : library can be used in the 

20 prevention and treatment of infectious or malignant 

21 diseases including HIV, influenza, malaria , breast, 
:22-i ovarian , lung and colon cancers . .• 

-$37?'' pft^r.pntmn of THF tnvrntion ■ '^r^l^^J^V-^ 

2 ii : : the development of vaccines and therapeutics • : 

25^:' 1 specifically designed to stimulate cytotoxic Tf : lYrtjphop^€S^ ; 

'-(CTL) is needed. CTL are a vital component of the natural 

•iyf immune response against infectious organisms and ma Ughant: 

28 cells. CTL are CD8* thymus derived lymphocytes which 

29 appear early in an immune response and help in the 

30 L elimination of, for example, virus-infected cells W tumor 

31 cells by lysis of the target cells and by secretion of 
: 32 ;v chemical immunomodulators termed cytokines, such as 

33 interferons . 

6 CTL have been detected fol lowing many viral 

35 Infections, including HIV infection, and extensive 

36 evidence points to a major role for CTL in control of 

3T virus infections (McMichael et al. (1983) New Eng. J; Med. 


WO 96/22067 


PGT/US95/16290 


1 301:13; Nixon et al, (1^921 Immunology 1 6 : 5 1 i> ) .pFvr^fi 

•. -.2.': ; : ' : v : example:, adoptive transfer p CtL to; I 

3 [Taylor et a 1 • ( 1986 ) Immunology 58 : 417 J or p^ 

4 simian virus 5- indebted mice 

5 lungs [ You ng e t al . ( 1990) »J Virol . 64 : 54 C£ ] . Tiimpr| ; 

•6' '^:\:; : ;::;spec:if:ic-. CTL h a ve ai 1 so' j bee n shiby ri tp c lea r tumors caused '^J- 

7 :x: ; :: v : : -- by mouse retroviruses £ (19871 ^ /V;.':.-/ 

• 8 •l•■••^immunci^V 17: 173 ] an^:^ cri-tlM 

9 control of certain huma^M It has ;il^ 

10 • the aim of s c 1 bnt is t s to icie vel bp vapc i nes or tHer ap^ 

11 designed to spec i f i ca 1 1 y s t i mu 1 ate CTL immunity '.■: : :- :: ^^'-) 

12 Ah essentia 1 step iri the design of a CTL-inducing 

13 vaccine is in the identif ication 0^ 

14 which CTL react. CTL recognize infected or malignant 

15 cells through the Interaction pf^^: t specif ic Trpe 

16 receptor with a complex displayed on the surface of the 

17 target cell. The complex consists of an a n tigen i c peptl d e 

18 spebific to the vitus or tumpry ;f 

19 histocompat ibi lity complex (M I molecule encoded 

20 by the Class I MHC genes p f t he lios t [ Town se hd et aii; 

21 (1986) Cell 44:959] . Clusters of closely linked MHC 

22 alleles are characteristically inherited as a genetic unit 

23 termed the "haplotype" ♦ In general, individual MHC 

24 molecules associate with arid piresent different antigenic i 

25 protein fragments/ so that onfe fragment of ah antigenic j 

26 . protein is recognized by 

27 : • while a different MHC hap lo typ^ r egu xr es aripther iraigfinerit: ':?■(■■.[;; 

28 of the antigen for recognition, i . e . ; recognition of 

29 individual antigenic fragments is MHC-restricted ^ 

30 MHC alleles are highly polymorphic between diverse geheti^ 

31 groups, a large number of diistihct peptides may be needed 

32 to insure CTL stimulation | across diverse human 

33 ' ' populations • . 

34 The exact fragment : |iy^t\:a ,: ---yir:uis or tumor antigen: or 

35 other potential antigenic site (i.e. , CTL epitope) 

36 recognized by ai" specif ic CTL was thought to be between 7 
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1 arid 25 amino acids # but recent chpac^ za t ion of viral 

2 peptides naturally processed in virus-infected cells and 

3 displayed by Class I MHC inolecu I6s have identified the CTL 

4 epitopes as peptides of between 7 to II ainino acids in 

5 length ( R6t zschke et a 1 . (199 1 ) Iromuholpgy Today 12:447] 

6 with the inajprity of these peptides being of 9 amino acids 

7 ..." , (nonoraers) . v^-V-V 

■■: s' : . !;v' ; Identlf icatipn of ^CT •^pitopes^In' 1 .a jprote^ 

V. V, : • ' has been achleiv^d by using synthetic pe^ 

10 immunogenic slt^ 

11 have been defined from HIV through an in iyjLtro testing 

12 process of the human immune response to HIV infection 

13 I Nixon et al . (1988) Nature 336:484-48 

14 Patents GB 2 >2 55^ While many 

15 HIV CTL epitopes have; been ide 

16 been idehtifed in humans/ 

17 are simultaneously recognized by a T-cel 1 receptor that is 

18 specific: for both the ; Yirally^ehcoded^p the 

19 host-encoded MltC for clearance of ;ari inf ected cell to 

20 occur > CTL-epitopes are s pec i e s spec i f i c * Hence^ human 

21 CTL epitopes may npt be reliably predicted 
22; studies. . . 

23 While vaccine d^ led to successful : . 

24 vaccine against kany inf eqtibus di^ea polio, 

25 measles) , there are several important: pathogens; for which 
^26 vaccines are either Ineffective or simply non-existant, 

27 for example HIV, hepatitis C virus (HCV) and herpes; 

28 simplex virus (HSV). Moreover, there are no vaccines for 

29 . treatment of malignancies* 

30 The identif ication of CTL epitopes ma^^ 

31 to design CTL^sti 

32 immunptheraf>eu 1 1 cs for pre vent ion or treatment disease 

33 by the clearance of viral ly - 1 n f ec teltil cells or malignant 

34 cancer eel is. Hpyever, there remain; a^ four major 

35 problems associated with dieveioping ^ vaccines . 

36 and immunotherapeutics;> namely , (1) the identification of 
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CTL epitopes or regions of proteins containing such 
epitopes, (2) the induction of specific CTL responses by 
peptides, (3) the need to accomodate! MHO diversity with a 
large multiplicity of peptides and (4) the ability to 
provide for antigenic variation arid escape mutations 
within the CTL epi topic regions • 

With respect to t h e id e n t i fication o f CTL epi t opes , 
progress has Jt^en ma 
number of ' targ^t^Sn^ 

remain many proteins whi CTL antigenic 

sites for Which epitopes have hot been id en t i f i ed . For 
example , the EBNA 1 protein of Epstein-Barr virus (EBV) . 
The present invention provides a solution to this problem 
because the ratchet libraries cam encompass extensive CTL 
antigenic regions and eliminate the need to precisely map 
CTL epitopes, or even to map the CTL e jp i topes at all. In 
additiqh, the ratchet libraries can be used to map-: 
antigenic sites. 

Until recently, it was assumed that the induction of 
specific CTL responses by peptides could only be 
;; ; stimulated- ; by endogenous ly-produced peptide fragments of 
endogenous protein s assewibled into H LA CI as si - a n t i gen i c 
peptide complexes ^ surface . However , recent 

studies have de»mp^ 

by administratis [Deres et 

al . (1989) Nature 342 2 561J; peptides in liposomes [ Friede 
et aL (1994) Vaccine 12:791-797 ] , or peptides admixed or 
conjugated to other biologically active substances [Shirai 
et al. (1994) J . Immunol • 152 : 54 S|) • Hence, tattihet 
library peptides can be formulated into an appropriate ; 
y eh i c 1 e to e 1 i c i t CTL responses i n vivo. 

P- : :-'To. accomodate g^ne^ic^:4 and MHC restrictibn, 

ratchet iibra^ ma j or advance s i nbe 

several epitopes the ratchet 

libraries rather than relying upon mixtures ihdiy idual 1^ 
synthesized immunogenic peptides . 
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1 The abM and 

2 escape inutati is 

. . ■•. 3 :V . ." another ;^ign problem; Antigenic 'variation' :Is : : : 'a : •" 

4 recurrent: ;p^ certain :ip to 

5 • . unsuccessful i or 11 m i t ed ' success of - : vaccines . ' Extensive 1 " .. 

6 '-anifciget^ example ^i ii of HIV 
•" 7 ■ ( AI PS ) > r h i no v i r ii s (.£ tve; ;• cpmrooh co W virus 

■ ■ 8 . -^/^ff : lu|:;/''';i : pl 

> ; : ;9; : •• • ■ tumors and infectious agents use utilized escape mutation . 

10 to avoids ^ Ratchet libraries can be 

11 cons t rue ted i ;t k now n a n t i ge h I c y a r i a t ion and .escape', -.v.;.' 

12 mutations^ 

13 Hence, the ratchet library method of CTL induction 

14 provides a splutipn to obstacles in the development of 

15 vaccines and ther for such pathogens or cancers, 

IB This i^ directed : to a ratchet library of . 

19 peptides ;;corapr^ least one i l^ 

20 ■ cytotoxic! • are--: b f . • •;• : • 

21 • length 

.••22....;.': are de^ peptide of ; length from 1+1 

•'. ;23; :; .::;- i to a araiho acids suqh t^ ea ch i; pos i t i oh x in the library 

y.'24 : X.. ■ has all: t^ at ' 

25 positions x to n- ( 1-x) , inclusive ;and ;^he ratio of., amino. 

26 acids ait each position x is determined by the relative 

27 prevalence of amino acids at that position x- In 

28 accordance herewith 1 is from about 7 to about 25 amino 

29 acids, preferably 8-10 and more preferably 9; n is from 

30 1+1 to about 100/ preferably from 1+1 to about 75 and more 

31 preferabiy from! i+1 to about 50; and x is from 1 to 1. • 

32 Mbreoyer> if a position x is identified as part of an 

33 MHC^bihding motif of a CTL epitope, then that position x 

34 in the ratchet library is fixed as one or more amino acids 

35 of the MHC-bihding motif in an equimolar ratio. 


1 
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1 ^The CTL epitopes of this invention are from a yirus^ 

2 bacterium, parasite # tumor antigen , allergfen or oth« iX^. 

. -. : ;3 : :: • . - . prbtein 

:l'4 - irom the of a ny one of : S EQ I P > : NOS : I - 11. 

3 : t:he peptide^ ^daii^have a cova lent ly attached Nrtierminai 
tripalmit^ '•• moiety jor-j^f^ .;tb;,|a:'-; : 

X&??f&-y . . ca r ri e r H-mo i^cu 1 e WX^ • . Vv-J : X^XX- 

•••'9-- : ;v- : '; " Another aspect of this- invention' ; : pr by idies 

10 pharmaceu t ica l^br vaccine composite the 

•il ' ' subjetbt rate including ; ; ; emulsio^ 

12 micrpjpart icl^ with or w i thou t the add i t i on p f j 

13 free PanijCys or a derivative thereof . Th cbmpositions 

14 are useful in at method of treat i ng pr pr e ven ti ng a disease 

15 or a ma 1 i g nancy wh i ch compr is e s a dm i ni s t £r i rig ah amount pf 

16 the .ratchet- library as a vaccine or pharmaceutical 

17 compoisitibn to a mammal e f f ect i ve to stimulate a CTL 

18 response against the disease or the malignancy associated 

19 with the CTL epitope present in the library • 

? 9 Stiil another aspect of the invent ion i a 

21 a method of construct i ng a library oi related peptides to 

:22 provide > ratchet library iwhich comprises identifying a ■ 

23 temp 1 a t e p^p t id e ; c alculating a distribution; of :^m|no 

24 ; acids at:; :e^ x having tho£e^ 

;2 : $;:; : / ;":-V > in the temp 1 ate ^ p^ at positions;; : ; k to -xy^l^x};^,:^ 
' : 2'&X .... i nb 1 u s 1 Ve , where in I is from about 7 to about 25, n is; : : : ;g,;-. 

27 from i+1 to about idb, and x is from 1 tb 1; and 

28 synthesizing said ratchet libr^ 

29 v ' ' X' . \:-.\x ■ . - . • l'\^xXXX:. ^-xx^}x 

30 BRIEF DESC RIPTION OF THE DRAWINGS 

31 Flij. 1 1 depicts malaria ratchet libraries i and 2 from 

32 ■ Plasmodium bercj^ ( CS ) pr o t e i ri a ndi t h e i r 

33 construction . Fig lA shows the template peptide with the 

34 known CTL epitope (CS 252^260) indicated ^a box • Below 

35 the template peptide is the corresponding set of 

36; overlapping nonmer peptides. Fig> IB provides an example 
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■ ;pf: a sequence alignment for malaria ratchet library .'ix (top 

2 f>inel)> its corresponding amino acid (AA) distribution by ^ 

3 i position (middle panel ) and the percent bi each amino acid! : !; 

; ; ...4 : it Wch posit ::.panel)-:;;.x:;;-v-^ 

. ^S^^^ 2.:. is a graphic illustration p 

;'' : ^6--: : i '-GTL;. activity ' .'against 1 CS 252^260; -{-The ^raph |h6ws 'the^T 
■■:^:i^y : -w' :: : . percent specif ic cell lysis asja\;funct^ 

. a to target cell (E:T1 rat^ ^ 

.9'. , \ : doses of malaria ^ m • m i crop^ r tl^^ WSB 

lb ; = : -i^:;: : ;VV:">-:;:-\^-. Tig - " 3 is a graphic illustration, .of - malaria l^speciilc ." • 
:41cTL activity against - CS -'2'52^2ea.>;y 

■ 'i2 : ^^ specif ic cell lysis/as:,;^ 

13 mice immunized with 1 mg doses of malaria ratchet 1 i br ary 

14 2 in microparticles. ' 

15 Fig. 4 is a graphic illuistratioh of malarial-sptecific 

■ ■ [i6y.i- : :^. : -- --:CiTL-\activity against CS 247^266^ ; ::VThe:"-giraph',sh 

17 ••' : ,^; : ^rce'nt-' : specific •■cell lysis:' ; as;;:;a;;: ;f .un<^ : ; 

. . 18 ■■^'%L6e immunized with 1 mg doses of malaria ;i ra^ 

19 2 : : in microparticles 

• ..:20.:-:-''H : Fig. 5 is a gr aphic il ius tr a t i on of ^ 

■ 2 : : l ;': • CTD activity- against CS 252-26^ : ;shoW^ 

22 percent specific cell lysis .airV ::: function -qf ;--;E:T::|rat^ 

23 niice immunized with 10 j*g doses of malaria ratchet lilbtary 
- 24 ' : - ; .- : 1 as lipopept ides . 

25 :, x:;;; : ; ; -: Fig. 6 is a graphic iliustratibn of the lack of 

26 malarial-specific CTL activity ^gainst a self peptide. 

27 The graph shows the percent specif ic cell lysis as a 

28 function of E:T ratio in mice immUhiz^d with 100 lig ^o^e^ 

29 - of malaria ratchet 1 ibr^ary 1 as llpppept id<es ; 

30 Fig. 7 depicts an MHC^restricted malaria ratchet 

31 library constructed from malarial: ratchet library ^ 

32 • panel) ; The middle panel shows the known anchop^^ 

33 for four MHC haplotypes, k 4 , K* and LV These anchpr^^^^^^^ f 
.34 - ■... v : ;residues are. at positions 2 f or and i/, 5 for D k , arid 
35 ; . . ' if, 8 for k* and 9 for Y, 4 , D b * >rui : i/w;' ViTho ■ : bottom'; -p^^^ ; 


1 shows the resulting MHC-restr^icted malaria ratchet 

' ' ; '2. : ;: y '"library..-/ ■ . V;.:'. : 0 '7;'^' ""'^''V- 

3 Fig; 8 depicts an HIV ratchet : 11 far a r y . 1;f r oirt .; a 35a mine :•• • ••, . 

4 acid sequence of the HIV-l gpl2(V ^ 

• y 5 ' : 305-339) • Fig. 8 A provides the ^ 15 HIV-l 

■"1: 6 . variants from this Region ^ 

7' :: .:.\. corresponding SSAL fro^ The D d 

' ' : 8: : /V'; ;: restr ict4d CT^ ::3 : l8- : ; : '",::'[ 

} 9 : ' \:/::3.2-6'V-: : iS;: : liid ica t ed by a box . Fig. 8B provide^ the amino ■; 

10 acid (AA) distribution by position (middle p 

11; ; percent of each amino acid at each position in the library 

12 (bottom panel) in a ratchet library from the 

13 SSAL. Amino acids diyergeht from the consensus B sequence 

14 are shown as upper case letters a nd c o ns e r v ed amino a c id s 
■y'<;vi5'i;: ■. in th^ c -'sequences -are;' : ;sliown 

■ xe :■: letters. • 

* 17 Fig. 9 depicts an HlVrl gag peptide linear ratchet 

18 library containing a mouse HIV CTL epitope prepared f torn a 

'•••19 - 100 amino acid template (top panel) . The amino acid (AA) 

:..;:-'\-=2d; distribution by position ( mldd 1 e pa n e 1 ) a hd the percent of 

21 each amino acid at each library (bottom^- 

22 panel) is shown . Th^e D b restr icted epitope (at gag ; 
■• 23 .. ■ residues 3 9 6-398 ) is indicated by the box . 

V v , : 24y • Fig .10 depicts an HIV-l ga^; : - peptide ^;;linea W. 

. 25 libraty ephtaining a . m$vse MW.^ij, epitope prepared from a 

26 40 amino acid template (top panel) .The amino acid (AA) 

27 distribution by position (middle panel) and the percent of 

28 each amino acid at each position in th (bottom 

29 : . • panel) is shown. ■ The D* ; r ^str ic tedji ep i t ope \ 'fat-: gag 
•.: 30 ■ . : : residues 390-398) is , iruiiciated ^ box, 

31 ' ' ' Fig. 11 depicts a n H I V^ 1 gag peptide linear ratchet 

32 library pohtalning epitope -.prepared ^tr^$^ : ^r r: ; 

33 20 amino acid template (top panfel} . the aniinp ^cW^l^j^g 

34 d is tr ibu t ion by pbs i t ion (iniddl^; pane and the pier 

f 35 each amino acid at ea^ (bottom 
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1 panel ) is shown • Th€J b K restricted epitop^ (a^ gag 

•' ••2":. •. residues 390-398 j -^stf by Jthev:bp^y;,f;; 

3 Fig . 12 is a graphic illustration o 

r^A¥-- ■ ; : activity a^ainst^ " " 

• ■^■y^''.. shows the percent sp^ asv^ ; 

:; -; : ; : 6:: : \ ::: - : - -"/V ratio' in m ice iminu n i V i th 1 Cf 0 /ig doses of tirie Sfll V' ' 

7 ratchet library^ ah emulsion • 

: &-f{'}Zf}^\ :: Fig. -i^^-depib ' 

. 9 :•" vv " repeating s ecju^hbie ( top 1 i ne ) . Thf^ he xt t 1 ih£sV:^/\\/ 

; io . illustrate two alternate template pept^ 

11 construction of this: m library. The boxed 

".12.^- ■ residues are the addipi sequences ; ^ '"• 

13 : ^o allow representatioh of all; possible lh^ 20 

■14; amino acid repeat ..ieguence 

• ■■■iky:: y 0.> distribution by^^^ : ,. 

,/ : ^i:€/ : :^\^v';- :: Veiacl\. amino acid each posit ip in the 1 i br ary ( hot tbm 

' 17"." panel)' is shown^ 

18 Fig. 14 depicts a mutant p53r^ 

19: constructed from a tempi a t^ 

2^- (tpp panel) There ar^ ; a 

21 represent known p53 mutants inbprporat 

22; : 12 . The boxed rdsidu^s are ip a 

23 identified in Ball?/C mice. ;the- : aminb;; acid:! ( JVA) 

-yyfzt: ^ : -f^ • distribution b^ p^siti^^ ' of 

25 eaqh amino acid at each ppsition in the^ 

' " : :; :26.-"- : ; : • panel ) - ' is" shown . ' 

27 Fig. 15 depicts influenza ratchet 

28 constructed from a 25Hner tem^ sequence of r^ 

29 139-163 of influenza A 

30 The known ^-restricted epitope of residues 147^155 is 

31 ; indicated by a box. The amino acid (AA) distribution by 
32y, ' position - {middle- 'pi acid 
33 at each position in t^ 

v34 Fig. .16 -depic^ 

- •' 35 ; -template peptide • wW " 

36 order from N to G terminus :pf residues 50-58 /^rt 
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1 D 366-374 of the hucleoprotein* Each CT1 epitope is 

2 v indicated by a box . The amino acid (AA) distribution by 

3 • jpbsit ipn (roW ahdl the percent of each amino a c id 

4 ; / a:t •■^ach:;\ ; ppslti'p panel ) '^is^hoyti^;^-. 

;': ::: 7:-<;.v-- '-/;:>• The present^ ilnyen a ratchet 

:;:•)•./; ; : v:' /libra ry ' of peptides c 

; • '':9/:-l ' . ' : . . : 1 mrau host.' i mu 1 a tor y cytptoxi c T lymphocyte (CTL) epitope! 

10; ; ITie p^ library are of length 1 and 

11 the sequences 6 f the • pe p t ides in the library are 

12 •••.;>. . ; de€er m i ned f r bm a : iemp^ having a -length f rom 

13 ■ : :'' ; l:f^ in the library 

14 : ; : ipe^tide^s has thps are present in the 

15 template peptide^ 1-rx) , inclusive .; 

16 Accordingly the rat ib amino acids at . 

17 each position x^^^^^i relative numbers 

18 (or p of the amino acids at that position x. In 

19 accordance with this invention ,1 is from about 7 to about 

20 • 25 # W^**:-^*? 1 ®- 1^1 to about 100, a^ is from 1 to 1. 

21 . >-.;^6r; /example',;; :'I n\:i;a;vratchet 1 ibrary "of the above:' 

22 'v.-. formula/ position 1 : contain the amino acids pf the 

23 , position 2 ■ 
J;'24::v.,vS :; ^ . pe jpt l'de • :\a t : ij;- •: 
■'■25 ' : positions 2 to ;n^ (x^2 ) > \ position; 3 contains al l the amino • 

26 : V;>^:::\a'cids pT the t^ 3 to n^ (x-3 ) , 

27 ... ■. . , position x^l contains all the arain^ of the 

28 template pep^ x-i ; tb ri-1, and position x 
: ;2'9/ : ;-contialns' : ' al : i the atiin^ template peptide at 

30 positions x to n r 

31 ':''^ig^> ;: l-;pr^ malaria ratchet ■ ■ 

32 library /showing the; relative ratio of amino acids at each 

33 position in the ratbhet library- derived from a longer 

34 ^;;;. /; nailirIa template peptide; as;; of 
,:35V^' -:; : ' '; : ; :- position of the 
36 : ratchet library. More spec if lea 1 ly , t he malaria template 
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1 pep tide i s divided up 1 n to sequen t i a 1 9-mers which are 

2 aligned a^ terminus of the template peptide to 
S creat^ peptides f rom which to 

4 calculate th^ rat composition . After 

,5: calculation pf the ratchet 1 ibrary is : 

^repaired ;1 the ca leu la ted '.; 

I 7 ; a* i no j ac id d i s tr it>M t ions a t each pos i t ion . 

3 : : :: ; ^:;V; : Tjfie;3si2e the ratchet VI , or ra tchet //length , can be : 

; 9 i ■ deterin ihed f r om the actual or appr ox ima t e size of the 

10 t aurge t jCTL • ep i t o|>e r CTL ep 1 topes have been identified 

11 wh ich vary in lerig th from 7 to 2 5 residues . However, the 

12 m pif CrL peptides are ^^f 8-10 amino acids, and 

13 many are ^ia While the actual size of the CTL 

14 ; ,'.^y^.i'hdu^ .1 of 
is ■ the ratchet library * ievg . 9 amino acids , the ratchet 
■;X6 :: )^^-: :. : : : ; : v; length: c^ othier means , ^including an 

17 arbitrairy select ion of ^ the range of 7 to 25 

18 : / • .- amino acids . [;''■}■ 

19 The ^ of the template peptide ranges from 1+1 to 

20 : about 1^ and preferably from 1+1 to about 75 

21 amino acids, and is^e ^efet^i^ from 1+1 tp about 50* 

22 Select!^ length is an important 

23 ; factor in d^t^ the 

!/2:4 ratchet library; so that shorter template peptides tend to 
■2 5; '^/v/vyi^id ,/less /-cp^ fewer 
2 6:-':^/' 'v peptides in '.the library . :' - 

27 If the CTL epitope is known , then the template 

28 ; ■ peptide should be of a length n ; such that the CTL epitope 

29 i s f 1 a nked by su f £ ic i erit adjoining sequences, preferably 
:: 3bp^ the' -CTL epitope is ■/. 

31 r epr es e n ted i n the ratchet 1 ibrary . If the CTL epitope is 

32 not known, then the template peptide can have a length 

33 which covers a significant region of the* protein being 
34; tested. Typically such a length can range from about 20 

^^v/^^ ; to 50 Or 

3 6 : %$:^7 5 res idues . i 7. The template peptide can also | be selected on 
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the basis of ; clustering of epitopes , ■ of hydrbphobicity 7 of 

2 '. v Si • stretches containing basic: amino acids or of ianbther 

3 ;/;: b I o 1 pg lea 1 eh a r a ct er i s t i c • Selection of a longer temp 1 a te 

i peptide is useful in identifying u nknbwn CTL epitopes • 

; MH C b i nd i ng root if s have ideh t i f i ed par ti quia amino 
'■^''\;^'&-SSSS a elds rfes idue s with in CTL epitopes which are; important in 
■iSii : 7^\/iS> peptide binding to the MHC recepter • When ith^-; M 
';;V-;J#^ ':a":,:p^rtibular-CT^ 

K<:hS€$:'--- : 9 5- xatch.^ led by replacing ithep- ; J:$;JpS : S 

i);SSS : iO'- y " : ;'- : -;' ■ ■■' ■■ calculated • distribution of amino acids, -at^a^ ■ 
'^'•■S; • 11 site, with the ratio of known amino acids from the MHC 

i'SS^ti^i b i nd 1 ng mot i fat t h a t site. An • e x a mp 1 e b f • t lii s is shown 

in Example 2 • ; in another example , the proportion of amino 
14 acids within a ratchet library can be altered to reflect 

■ | 15 : : human HLA binding mbtifs. For example , human; HI^ 
[■■iSSii*-. motifs for 9-raer or 10-roer peptides typical ly have the 
•. designated amino acids at the indicated positions: for 
^>%ia- ::: --^v HLA-A2, leucine at position 2, valine or leucine at the C 
■•••;49-;|: :: -:-:. : . ; :;- v terminus ; f or HLA-B3 5 , proline at postion 2 . tyrosine at 
■fl ;2b *f HI th e C tbrmiriui; if or HLA-B53, prol ine at posit ion 2 > 
: 2 1 phenylalanine or tryptophan at the c termihus ; f or HLA-B8 , 

\' : 'J22:-; r.'.": lysine at position 3, lysine at position 5, isoleucine at 
S2$S^ :' : ..•••the C terminus; for HLA-B27, arginine at position 2, 
: : :24 : :S br arginine at the C terminus; for HLA r B7 , a 1 a n i ne 

'y : -v' : ^' : %';25 ^; 1; 9t position 1; proline at position 2 , argininer at position 
: -':-;r'^:i:-|;2^ J3, leucine or valine at the C terminus ; f or HIA^A68; 

threonine or valine at position 2 > a r g i n in e a t ilte C 
i 8 : :;- ; •• ; : : • : : t e r m i nus ; for HLA- A3 . 1 , : isoleucine or 1 euc i n e at pbs i t ion 
Sy^^'flSS 2> pheny lalanine at position 3, lys ine or tyrosine at the 
■ '.•■l-[-r-36SvS^-'\ c terminus; ind f or • HLA--A11 , isoleucine or leucine at 
^SS3X:SS':V-S: : pp&itior\: 2y lysine at ■ the C .terminus. • • 

S.:32:^ ] Ji:;y} ; -\.^'^' When the CTL epitope is contained in a : multiple 
;7,;;:. : :; : ;;:;;-'.-:; :: ; : 3 : 3^ tandem then the template peptide 

^yilAyUS-y length n can be equal to the length of the CTL epitope 
35 plus 1-1 residues where the 1-1 residues car bpxy-tjerminal 

'f^^S^r - ^"i^' amino . acids of the epitope are placed at its amino 
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1 terminus, or alternatively # the 1-1 aroirio-termirial 

2 .. :; ,: : - : ^es^dMfeS; : of the epitope are placed at it? car boxy 1 

3 te^ininus, for example as shown in Fig, 5 for the mucin 

4 ^atch 

"- ' . .; . To accomodate ■ ant igenic; iyaria t i0 the . ratchet 

■ v:- : : ' : i ^^riry can be constructed f r piiri a temp la te pep^deb 
'■ ■ ;7:;:; . " :; • : '. ; ls^itself:. : a . ^ structured synthet ic antigen ' 1 i bira r y •£ : $r . WMl- 
;."./* ; ;/ • • ;SSAL> : : v;- SSALs are defined and exemplified in^UySv^e^ 
■;;9y:: ;:■:>' •N6,'' : ;^8'/ 143 , 4 12, f iled October^? 6 1993 , - which vis f £ 

10 Incorporated herein by reference . briefly , the s^quenc^l^^^i: 

1 1 J of an SSAL is determined by! align 1 the pr iniar y -^ixxq^y^^P: 
; acid sequences of a r£ i a ted A family of CTL epitopes a nd:-;;;; 

identifying the invariant arid variant loci within the 

14 alignment. The invariant loci ge her a 1 1 y represent the 

15 str^ framework of the SSAL, The degeneracy withiri 
i* SSAL is determined by the loci within the alignment 
* 7 that harbor different amino; acid: residue- t^ 

18 " an arbitrary prototype sequence. After determining. J^Ife^'^^;: 
; ;:;i9 .;r, j^mirio:;;. are • to be • at ' each position , . the . degree of 'p^ 

20 ] ^;'y-pdegen^&cy for the rou 1 1 i r es i d ue pos i t i on in the SSAL : - 

21 library is determined from the number of variants each 
^i^^ amino acid represents by one of three meth^di; 

23 ^ V^^Tl^^ manner, the speci f ic amino acids vand-Vji 

? \ 6f appearance at each position within > the^#i 

25/; ; SSAjL is defined by the primary sequences of th 

26 : CTL ; ; a ri t igensormolecules in the Alignment: of multiple ":, "■■ WP----S ; y> 

27 : ;; / primary sequences, ■ 

2® The degeneracies for the; variant amino acid -ppsitib^ 

25,:-< : -y: Used for an SSAL can be determined in one of 'three iwhys^P^i;^^ 
■ one method, the identity and ratio of residues lisPp:%^JP : :p\ : : 
?1 determined by the relative prevalence of the amino acids^ 

32 in -..a* compilation of known sequences for the epitope ♦ ii In 

33 another method the identity of the amino acids at the 

34 variint position is determined from the compilation of 

3? known sequences for the epitope but the ratio of amino > 

?f is,'. set to be equimolar. Finally, the identity and 
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. :! - ';i . ratio of aroihb acids at af yariaht^ pbsi tibn^ 

2 determined by a mpdif icatibn: 6f thfe first: ro 

3 provide a simplif led SSAL, When some of .;j the residue types 
^ 4 are present at a i low frequency ( i . e , , less than 5-10% 

5: representatibn)/ the complex SSALs are modified to ensure 

• 6 : adequate representation of all "■' : i : var : |i;ants!"v' The process ;i 

•;\\'\:-V--: : v: ^B' : ^ primary WquMce list at a ;p£opb^ jthary/;lG^ 

' - : at : 5% to allow for adequate representation ^ 

•:V::v:i;:.''-'''.;ib;' positions; 2) amino acids occurring at frequencies greater 

11 than or equal to 10% are rounded to the nearest 10% of 

12 prevalence. If the sum of percent prevalence exceeds 

13 100%, the piercent of the amino acid with the highest 

T4 - . . prevalence is correspondingly reduced so that the amino 

15 acids occur i ng a t a given pos i t ion a re each represented in 

1<5 the SSAL but the total representation does not exceed 

; : ..-:' ; 17.;, 100%,' 

,: ; :''1 ; 8 - ■ Once an SSAL is calculated , then it can be the 

19 "template peptide" for construction of a ratchet library 

20 in accordance with the formula such that each position x: 
v.'j21\ in the library peptides has those amino acids which are 

; ^(^2:; : ; present in th£ template SSAL at pos i t i ons x to n - ( 1 -x ) , 

'^23- Inclusive. in other words; each full compos itlph and 

■iff |^ ' ratios ' of am iho ac ids at each position ^ is >;■■;-■:; 

i:;25 : "ratcheted" and used to c a 1 u qui a t e t h e final distribution 

• 26 of amino acids in the ratchet library. 

; i27 The ratchet libraries can be prepared as a ensemble 

28 of linear peptides. S im i 1 a r 1 y , it can be attached to a 

29 branched core sequences, con 
} : ^: ;^3.6: polymerized. 

31 These core sequences include ^ehdritid^ i 

v^2. ; coresi, linear array type^ 

33 branched cores (e.g. pbly^L-lysIrie^S 

*v ; ;3:4': " : , can be composed of ah amino acid br jan 

^ - 35 having two amino groups and one carboxyl group , ; each group 

?yr;'Si '■■3 r 6 ; :--'. : capable of forming a peptide bond linta 
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■ 1-. . such amino acids are ly si net}: or >i ■: ly s i n e ; ^a rial bg sucfr a sU 

2 ornithine . ; The amino acid aha^ an cr - am i no a pi d / 

3 a B-amino acid, or any- other either natur a 1 or hon-na tura 1 

4 amino acid with two iminp groups and one qarboxy I g^oup 

5 available for f or m i ng peptide bonds . Preferred; 

• : - 6 . peptides of the ihventibn are dimers , tetramers -gaLn^l - - 

7 : octameurs; especially those having at branching core 
I ^8 : ;>;: V structure pbm^ 

: 9 . . ; ; similarly r the branched cotes piri cbntai^ 

10 interspersed among the branching ^ as depicted , for 

11 example, in Fig. 1 2 of U. S . Serial No . 14 3 ,412 v 

12 ^ When branched ratchet libraries are made , the library 

13 can have a C-terminal methionine as the residue that is 

14 attached to the branched core * The me t h i on i ne prpvides a 

15 cleavable site to facilitate Analysis P If the raitchet 

16 library* • 

17 in addition, the ratchet can have one or more lysine 

18 residues (added at the amino terminus) to increase peptide 

19 solubility # cysteine and halbacy lated residues can be 

20 added to f aci li tate directed coupling to car-rier 

21 molecules, and methionine can be added for cyanogen ; 

22 b cleavage if nebessary. jPam 3 Cys, or a simi lar^^^;^^^^- ; 

23 lipid tail, can ' he a dded . \ .to; cr eatb |a; ;l:ipopbp tide v; ; . 

24 The subject ratchet libraries c^ to 

25 form conjugates, i.e. , the rat<^^ 

26 branched or 1 inear f orro , can be coupl ed diirect ly or 

27 indirectly, by methods known in the art, to carriers such 

28 as Iroyine serum albumin ? (B?A) ; human s^ruin albuiriri fBSA) ; 

29 -^pr';- 6 ther proteins , r^d biobS or latex particles. In 

30 another embodiment, 

31 ;:;; : -:.> ; tp: : ; ; ;homo-; or hetero-dimers or higher ^ 

32 bxidition^ by induced disulfide Jcross^ll^ 

33 pf homo- or hetero-fun^ 

34 reagents. 

35 'y-^.. : {y As used herein, -a :;CTI^ 

36 antigen which binds to the peptide -cleft £pf;;an:::MH^-, 
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1 molebuie such that the fragment- 

2 by : a T cell a n tlgeh -spec i f i c receptor (TCR ) and thereby 

3 : stimulates a CTL response ; CTL * nd T ee 11 epitopes i^re i 

4 reviewed in Kncvclop^dia of Immuri et al . ; 

5 edsV) , 1992, Academic Press Ltd/ London, in Vol, I a^vj 
£ pages 4 4 7 - 4 50 and pages 515-517; respectively: 

7 : : The prbteiiri Sequence selected for a ratchet 1 i br a ry 

•; : : ;8 "V • ; ' ca ri :; ; be : j : t r om '^a := : pr o t e i n • ; with' vkjio^^^ , 

■\:9 or from a pr o t ei n whose crL|s^imu la t: i ng abi 1 i t y Kais riot 

10 been determined , in which case the ratchet library method 

11 can be used to identify CTL epitopes. Ratchet libraries 

12 can be constructed from CTL epitopes (or putative CTL 

13 epitopes ) of viruses, bacteria, parasites, tumor 

14 antigens, allergens, amino acid sequences deduced from an 

15 intfbri or exon / i n t ron m i x tii r es , or f r om abber r a n t proteins 

16 of ten associated with malignancy, arid generated by 

17 frameshift mutations ( i . e. f rameshi^ , or any 

18 other prote iris known to stimulate a CTL response • More 

19 specifically, ratchet libraries can be prepared from the 

20 following proteins or proteins fironi the listed organ isms 

21 or diseases (with the cited references; indicating kriowh 
:22 CTL response to those proteins j: melanoma proteins^ 

23 [Bakker 

ii-24 - V ■■• MAG E- 1 #154 2 , a rid - 3 ^[Gaugie'r^ . (19^ J ^ Exp • Med . i^i 

25 179: $21}; proteins associated ^ ceil carcinoma; 

26 proteins associated with colon carcinoma [Townsend et al . 

27 ( 1994) Nature : 371 :662] ; proteins associated with prostate 

28 cancer (raali 

29 [B^ibhard ^ 

30 ^uch ais the HER-2/neu proto-oncogen^ ; ras CGedde--Dahl et 

3 1 ai^ (1994 ) Eur . J . Immunol .. 24r4iO J ; MUC1 (Barrid et a 1 . 

32 (I989V Prdc. Natl. Acad, Sciv USA 8^ 

33 al. (1994;) Immunol. Lett. 40: 171 [Morita fet ai> 

34 : •• ..:••'.•( 1994'),:i : ^^>';:E^v-; Med* 179:777 J ; profeelris ■ from |HIVr 1 :!or>2 • .. : 

35 inciiidinif envelope, gag, pol, nef>^ vpu 

36 [Nixon et al. (1992) ] ; HTLV£r : :^ 
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1 gag, pol , pX and TAX ( Ja cobson e t a i I ( i ? 9 : P ) Nature 

2 34 8:245 ; lymphqcy^ ••pf ; ;:;-;inice-: (LCMVj 
. :--3-: ; ' : ; : [Aebishe^^ - Natl^ . 

;. ;4:i;; y^sBB : 11047] 

;..-.5" ; 

B :7p5]; .^Epstiein^ . ■'/■; 

• : • , 178 : 879 ];r^ : aiiU-. 

^'v9^ : ';- v' : v (1985) vj^yi^ 

10 ■ • - [ Ber t o 1 e 1 1 i ^ t a 1 ^ ^ 19 9 3 ) ^; cVii: ; hepatitis ' C 

11 virus (HCV) tKpriel et ^ ; 

12 herpes simplex y Irus (1993^ 

13 195:62] ; cytomegalovirus (CMV) [Borysiewicz et al. (1988) 

14 > Eur • J. Immuhpl. 1^ including 

15 hemagglutinin, neuraminidase 

. 16 .... nucleoprotein [ Dayfe: *a t ' : a :C :(1 994 )yy i*9l<$y- : -$$?} ? 7 f ]) .: .'; 

17 intracisternal ?A par^ 

18 Eur. J. Imniiinoif 2 : 2203 ]; bovine leukemia virus [Gate i et 

19 : ;.vAl : ;:ai; r . (l#93)vJ^^^ 

20 ! et al. (1993 Eur . ^ 23 : 22<i2 ) ; malaria including 

2l" : C. ;:: •' P. falciparum, P^tetrghei, P; ovale, }p'i- '^Iv^^P- malaria '.. 

22 . . ' -.[Aggarwal .et ;:al-^ 

23 $istop>lasma caps 

.-■2 : 4 : $ : 152:3 4 91 ] ; ILifctieW |( i9?Zp 

25 175:153 1 ) ; Toxop 1 asmos Is [ Khan et al . (1994 ) J ■ I . 

26 152: 1856] ; Tr^^ >(fi tM^^ 111 ^ ' M - 

27 lepri ; Pneumocys tisVcarihli ; Kaposi • s sarcoma ; : i;or 

28 .. • fraiheshift sequence^ tTownsend (1994 j J ^;:[;^^: /.^ 

29 The pr ^ f erired ; ratbhe t 1 i br ar i es of ttiis -iihyentiori; are 

3 0 : those libraries ;p^oy ided ; in the Examples ;;a . 

32 : GTL responses can by ;coifiy tip rta !• : ; ; V" . 

33 techniques known t^^rt^^iy skil;led : -:ar:.^'si^ " 

34 including; for exampie> the dye exclusion test and the Cr- 

35 ! flftgrty ri^gffriteii in 

36 : supra : at page 451; Another method tq/ : assa#|CT 
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1 described by McDonald et a 1 (1980) Immunol ♦Rev* 5 1 : j 

: ; : • 3 • - The ratchet are ■ prepared by chemical f ; 

■■' : 4>i::;,::; ! : i:i ; ;:^ 

5 W". ^.^s^ ; ; solidr^^ pioneered :; ; ^;;:| 

rs ^6':.. tier r i f ield . ' The coup 1 i h^ p f mu i t i p 1 e ; • amino ■ ;acl£s"S;j:^ 

';: : : 7:-- . • : : £; : g i ven posit ion is acbompl i shed providing a m ix £gr e , : of 

"9-?J : ^^''^ratchcit 

10 ; the mixture can b6 varied to account for different 

11 ^ • c^ aminb'>acids._'_ --. 

:: Vli ; ;V;- : ' ■ ■ ■/^Based.'- : bn CTL • i ndq c t: i oiri 6 f the r a t che t libraries, they 

13 are useful in a vaccine composition to treat or prevent 

14 ! disease or malignancy in accordance with the source: of the 

15 ^ in th^ ratch^ In .other' . /words' :;an.::HrVy; 

16 ■■^ : -. ; -^:r^<^^t'i library can be used as ah HI V CTL vaccine (either 

17 as a vaccine component or as a therapeutic in the 

18 treatment of AIDS)i r an IICV ratchet library as an HCV GTL 

19 vaccine, an in f 1 ue hz a; ratchet 1 i br a r y as a flu CTL 

20 vaccine, a mutant p53ratch as a cancer CTL 
• '.;/2 1 -\ •.- vaccine and the ' 1 ike .... • : : :-/- ; : :' 

22 ! Tor'' example > efforts to deve;lop a malaria ya;cc 

:23 " , 4have -;been hampered :by :; th^c the : para's^ 

24 ^.^i-'-cyqle^ahd the ihability^f an a n t i body-i nduc ing ;ya : ccirie 

':■ 25 : aipne to provide sufficient efficacy, A CTL r espohse to ; y 

2 6 -liver -:;i ; s tag e; : jaiht ig^ns;;' of ''fj^s^^^m^ ; 

27 falcipartiin has beeri receh^ ; 

28 Nature 360:434] ; S t i mil 1 a t i o n of t h <e CTL respbhs^ against 
: -29 i't^the.' par as it:e appear s neiiceissary f^ an :<e f f ec t iye vaccine , 

30 • :,: since CTL can e 1 im ina t e i para si te- i n f ^actetd -,cel;l : ^^ 

■ 31 ; liver stage when the parasite loa^^ low. ■ 

32 • Va peine composite bdhtaihihg one or mbre dis^ 

33 ratchet li bra rieis can be introduced into normal siibjects 

34 to stimulate production of CTL by immunization protocols 

35 known in the art- Similarly the subject ratchet ^ 

r s 36 V- {one or more 1 ibr a r i es ) ca n be f o r mu 1 a ted i n a vacc i ne 
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10 


1 ^ 

2 V' ? - V ; darrier^ w ir \ .^ff 
3 : ;':,' -;'- : ": ■ ■ va^cin^ <^ ^ inV ^^f?^ 
4 I incliide : i n^^j^ i ^ te j^ireu nds • adjuvant 

l iiW:^ ; amino acids and P^ Examples) • •-. -y 

6 !i These latter tWo ad juyants ban b<a either cpvaiently 

7;-' : ' : ; attached tp the ^ 

90h:\ f or cp-adml^ 

yadcinfe^: : f ^^ula tlpns v are r eadil y dbt er in i ned %f^B):6f^ 

Xi brdina^ in the ^ 

12: immediate r*Ieas<^ Formulations 

13 contemplated by this invention include micropar ticles / 

14;:;;?. iroib^ # . ' liposomes/^ and |he 

is 

16 ; Th e pires e rt t i va oc i ne s can be administered by any 

17 V, .- .. convenient r^ ; s^bcutariTOUS/;:;.pra^ ,• •• 

•18.' : "-, ; ' intztanids^ intra^d^rma 1 # intraocular , ; :; : 

i : ^T" vaginal , traiis^d^rina i or other parenteral or enteral 

; ^"-;> :H\; ■ route • S iWi ^ y accih es cia rt be -administered 

•2 1' : -" i- s i tig 1 e dbsb br d i v ided into multiple • doses f pr-^;^;- 

22 ;,: administration ♦ 

ii---^-' The vaccine bbmpos it of the":instan^yin^ 

24 contain an iimunobffective amount of aw 

■25: treat';:br/iprevent malignancy issbcik^ 

'i'6:r ; ' : ' ■ Gourde Ibf the CTI* e j? i tope in that ratchet library . 

27 ■ Preferred vaccine compositions are effective f or CT*L 

28 in^ to malaria, HIV # HCV # mucin, p53 

29 and influenza and the r associated pathogenic \^o^i^iot\s^r^; 

30 Such cbmppsiiibns in dosage unit form can cpnt^in about 1 

31 tig to ibbut 2 mg of the peptide (or mixt^e bf p^p^ 

32 per kg body we igtit . When de 1 ivered in mill t iple d?ses , the 

33 dosage u^it f px^ is conveniently divided into tK^^ 

34 ' • appropriate amounts per dosage. 

35! Accordingly r another aspect of this invent ibn 

36 provides a inethod of treating or preventing a ;d^as e ^' : ^ 
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: i malignancy which comprises a dm i n i s t e r i fig a n ;im^u h t of the 

: - : : 2:' library of Claiin 1 to a mammal ieffectiy 

3 GTL response: against thfe disease or ^ associated • 

: - : " A. : : ' /-.with a CTL epitope present in saic* ; W 
iX^^ [ ^J : c2: isburce of •: t he : |r a t cheti 1 i br ar y : j Cl> : v>'; ; th e|;y ir lis; , ; bacterium ■ 

••• v ; x 8 ; : :; .; : v >',;.■ ski lied : Vin- |tbe-;-:;ar t :; • ca n<-x ead i ly de^rm||nej 
: 'V^v ■■■■ r ;: : ;Cbr . ifellvery ^b obtain ' : ;tHii?^ ^v^::; 
.''v^^ ;Othat ■•■is , ;;-th|e:"'ara6unt of library ■ tcRirtt ; 

.• ••• :: V:': 

2^$&:^;^^^ treatment. Typically ; thes& /dosage Wr§ng^sfikxBjisl }-^f2 

13 indicated above for the vaccine f ormpiation. Likewise; 

14 one of ordinary skill in the art can readl an 
■\./ : ::-;!is9:.:: : eff icacious formulation "'; for delivery of the ratchet ; 

; . ' V- \ -;.v ; : ;: ■: ;: ;;\vl'ibrary : , .. ' . . .. . •. • • )' m -^-V " = ; •- • : " . -j 

r^/W^ ' i n . another embodiment of this inyen^ 

18 peptide can te^^ identify CTL epi^^ 

19 protein sequence • Hence, this invention 

20 method of constructing a library of related peptides to 

21 provide a ratchet library which comprises identify^ ? 

22 ••::/;/ : ,^/; : v' :; 'i. : template : peptide; calculating a distri 

]:§Z$'f^ acids -at;., each ; pps it ion x "having - : 
.;.;:!24; : ;. ; : ' in the . template peptide at ' positions j x t;p:|h-;(l : ~x)" , ' [ . 
y-25:20:J:y inclusive , • wherein Ivis;,:;! rom ' : -25;^ 
StT^ : '^- : ^tvom. 1+1 to about lbo # ind x is f rpm'}l : y!it^l'i\ synthesizing: ■■':■}; 
V\ %21.-]; ■ ::;l; : :' ; ;,';sa id ratchet 1 ibrary; and assaying said^^ ^ 
-y^fqrr the . ability tq^stiitti^ 
tv ; 29. •• the ratchet peptide lis ' constructed;' and;; used to^Immu^ •' 

■ 30" v \ : ""--- i ''V- : "aniiaals; typically though hot necessarl^ 

■ ^;;.U'-3lV : 9 iMM^tin^n iz ed a n'imal s% ire' sacrificed and'lspleno 
! of;|byerl^ 

^■' : ■■ r ■- ; 33^ : . : individual peptides that span the ratcheted template. The 

• :.V>'^ : ^4^iVi;----v : aictiyate splenpcytes are' then .tested /-pn^j^ 

35 pulsed With 50 jiM (for example) pooled peptides, an^^ 

j 36 any CTL activity is present , the- splenoyte^ are : tested on 
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1 the individual peptides derived from the r ?^ * 

2 single peptide derived f roin the pool of p^r lapping 
peptides is r ecogn i z ed , a new C^L epitope hMi;|^ea r yy^%w.y 

:,:4v; ; ;;' ideri£^^ : !• 

[} 5 : J i'i^i • Th^ examples se il ^ti^trate ttik ;. present 

• yyeyy-- invention and are V^yyy 

■ \ 7 ::"!-! : . invention . ,-- 
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i - : ::--Em^ 

3 Malar ia Ratchet Libraries Generate Malar ia-SpecificCT 

.•; 6 . . ; : >A • ', (General rietho^s^ . W0Si£§± 

■ ■ '■ : "7-- ' ■ vv^RafccI^ • 

- 8'. ; ■ ; chemistry u n ^F~$^ff# : ^\r. 

nioc ItINK MBHA resin (4- ( 2 1 ,4 , ^dim£th^^ 

^^:^&:}'; : }: ■ • : am^ ' 

: 11 ;is Jhet 

■ ; ;: i : 2', v ' :: >' • Instruct!^ or :' ' 

13: ; similar itiodei v the ratchet libraries were synthesized as 

14 linear peptides or as branched peptides using a heptalysyl 

■ - -15' ' •• core. 

16 Ratchet libira^ were formula ted^^; a indicated 

: ''v. : -:.'-.'- -17 . concentrations and as 

18 . ■ micropiarticles/ 

19 Microparticleis wer^ to the water- 
• f' 20 in^oil-water solyent evapbrati^ described in U.S. 

■'■';:'v/'.-:21-.;. , Serial No, 08/263/841, f iied ^ 

■v : ..: : 2..2 ; . ■ incorporate ihe^ ■ . 

• ; 2'3.-.v> ^gl 

•g. V :? 4 : Mi crppa r t i c 1 es con tain i ng 100 o ^ ^ were 

y/ : 25- ' : V. : /';:.-: suspended in p ;5 ; :iiil |hps^ ' for ' 

: % . : ^:2.6;. : . : • intraperitoriea 1 |:immunizat i on ■' - b f : |mi-^;;:;iort| ?days "by; : • 10 and 20 • : , ■ 

' y .y-^- : '27^: - VV'Xoll^wiBd/lby .saqrilic 

;:>: -28 : '■■'[ ■ .;: : Emuisipns;|we^ 

29 preparations bbn^ 

30 PamjCysrse^ (SEQ 
; 3.1. . • ID NO: 12) ib a y b lume o f 0.5 mi unless indic^t:^ 

>v3 : 2'. otherwisev ^ ratchet 

33 library was dissolved in 16 »L H 2 0- and 20; rog of egg 

34 lecitbin w^ 

y"\. 35 • . - STD.':^ v ■ J: 

36 Machines, East ^ngroeadpw, MA) at 10, 000 rpm for 5 min. 

f ;,; 37 ' .Pam 3 cys^s^ then 

<1 38 added tb: the library mixture by hombgen^ at 10, 000 
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rpn, for 5 mln. :Purther: : "»ixihg?.Was conducted by ultrasonic 
pulsation of the femuision>wtth: an ultra sonic probe (Vibra 
:' '^ellV Sonics and Materia Ids/ Inc.. Danbury, CT) The, - ■ 

.."•^eiori^daYs^ 0.^0. il?:&?}}P^*-}*: sacrifice: of ^ aniiiials 

6 •"•7 : 'ta^i<i- days' : . : iater;i. .-Nji:^ 

: - ; ■"|||£ie¥ ; iiblar^ :: '-weV^ ' : 

(tkpalinitoyi-5-glylei|i|cyiteln^) as generally described] 
(Deres et al.) to-produce the corresponding lipope 
ratchet library. The lipopepfid^ ratchet libraries (1^)0^ 
^g) were suspended in a 0.5 mL of 1% DMSO in glyper^l and 
■ * injected intraperitoneally &ii§B mice at day 0 . The : 
' animals were sacrificed 7-9 days later . • . 

Control mice were injected |it;h 0.5 mL phosphate- •: 
il . buffered saline (PBS) usingjt^e Corresponding injection 

17 ^ : -\-: schedule as .that ^f the fofmualted ratchet library. 

Upon sacrifice, ^e^ spleens were removed and 
•splenocytes were pooled and cultured in vitro with the 
indicated peptide at a concentration of l ng/mL for one 

21 : : week to produce activated |plenocytes. 

22 " ■ assays were then^ TO^ to tn<! 

23 method^Mc^ described 

24 / ' ■ ': :( jai&wi£{ * * • • " : ' 

26 ' ^ B : -- Malarial Ratchet Libraries ;f : kr 

••■27 '-' v; -:: . \&>&r&ffit library was Resigned from a 20 «>nino acid . 
^'^V^-^ 247-2 ; 6lir^/the^ 

30 u g^ib^ins ' & 5 ■ . 

31 ' >" ^-M(tti eri>et': ; :ii : ;:-ti993i • int |t;I»munol ,/ : b::148?-1492:l, r : ■ • ■ 

linear form and formulated ; in micropartlcles at > final 
concentration of 200 ri^^>*^'W/ c . » i6e we?C 
immunised with 6^ aboye * 


8 
9 
10 

ii 

12 

13 
14 
15 


18 
19 
20 


32 
33 
34 
35 
36 
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I ■: po^ cultured with Plasmodium berg 

■ i :: ' £^ 

3 tS 252-260-specif ic CTL activity was then assayed ^ 

•4 Brief ly^ H-2 d target cells ; (mouse 1 roastocytonia celrViine. 

■ "'/":'[. yC'/v-V^ "• were ' 5 -Cr labeled f or one h; ^she^; : jM^||^!M'. 
yg llnicubated for one h in the presence of CS 252-260- peptide i 

7 ^•;-' : -.--at; : 50 iM, in the presence of an unrelated control peptide; 
y : ;8-: : 'vy:,yyy;;yiWfl at 50 juM or :ihy : 

; ' ; V9 . : L; :: : -media^ e;; iin the absence - of a peptide arit igen ) y CTL ;. 
.•ip3'y: : y^ 

11 y$!wit^^ spleiriqcy ties.;; (effector cells) for 4 hours in 

12; ; v y- '^ a range of 

13 ef fee tbr: target (E:T) ratios of 100: 1, 50 : 1, 25: 1 and 

14 12 ; i5 : 1 and measuring of 5, Cr . Cell lysis was 
••1-5>" : :V"^ lysis from the formula 

16 .-. • :/-ft^ wh er e E = expe r ime n t a 1 M Cr release (cpm) 

17 M = *?Cr: release in presence of culture medium; and T ;,: 

18 :"■= ;iota ; i ^* l 6r\ released by 1^ X-100« . 

19 . ; - yyy Ttt^|:;^rre| : s \ji X t s ': 'a - sH oyfri "; > ip; - . F i <gr > - i and. indicate - that 
".2b'; ; : ;%ig ni f ica ri t;; CTL ' •' 1 y s i s Was elicited in an- MHC^rqstricted 

21 ^ TOanner / since the K 4 - r e; 6» t r i c t ed GS 2 52-260 peptide epitope 

22 sensitized target cells; iincubated with that p^ptideyarid 
.;23/' y£:;^ Significant CTL lysis 
: -2A- : ;:^y^/:}y.. .{qecu^^ 

25 control le^ at the highest E:T ratio. 

2 6 Sjp le n pcy t e s from con ti"o 1 ra i c<e <i id hot elicit specific 'C^Lyy 
; : 27;:V.y : : y y :, : >ci|iy.St^in; - any-; exper iment > ••: : - 

"-'2 8 V: :vr y : i • - : v ;: '• ; : '^;M^ l^iria i : t^ihie t . library 2 (Fig. IB, bottom panel) Was^ 

29 isy n tlies i zed a^ br a nched octameric peptides on a heptalysyi 

30 tor e and iti tmu la ted in micrbparticies at a final 

31 : conceh^ into mice as 

32-y.y y. : .' :; de6drib^ /-Splehocytfes were incubated and CTL :;:/:;% 

33 act iyity was assayed as described above using E: T ratios 

34 Off 100 Vl ^ 5:1 and 12 • 5:1. The results are shown in 

35 -rig*:' : '3: ; " - 
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. •••>• . -25- • 

i; ; Haiari a ratchet 1 ibrary 2 was formulated and injected 

I into mice is xdescr ibed in the preceding paragraph to 

3 | deteraine activity '.against the 20 residue CS 24^-266 
i;£Wy peptide. Spienocytes were incubated with ■ CS 252-260 

i peptide and CTL activity was determined as above, except 

' 't;e; ■ :^0 A - ^ that the target cells were incubated in £he presence of ■ 50 . 

jiM of CS 252^260 peptide , 50 MM of CS 247-266 peptide or 

; ->9 4;; s :;ivThe; results are shown in Fig . 4 . ^ 

fllll;^^ . : wa Sv/fo|muiated^ 

Jlfe is:^a^: : i:i^p|p;|id^ ^xcept that: the\:i*po^pt*^ 

: : ; |fl>t "f / library^#s^:r ormul^ at a concent ration -jol-ib' : -^0^: 

■ $$^iy- ^plenbcyt:^ csV-252-l6p?aiid^^L, activity ; 'y a 

assayed a| /described abpve using E : T ratios' ofV^OO: 1 , 50 : 1 
: 'i-15 : §Sp ; :l:' ; f ■ ^S^a'ridv'S^ are shown VipFig. 5. 

:^y^f\: > Malat^ : ratchet ; library 1 was formulated and in jected; 

. j.' as ;a:ii^e^|ide: :; :; : r : atchet library, at a concentration of i00 
m^Mi^^titiL.-- ' :: i|l^o;cyt:esvwere^ .'incubated ■ with'-; qs 255-260 arid . CTL 

;,:a : 4tiyity 1: was:,as described above to dete|mi^^ 
'iS; : SC ::V ^: : '^ for the CTL activity . 

cells. -were: iricuba^epV in t^e ■ 
'ti/'f'S ipresencellf^O iM[:)if:^..-i5i'260 peptide, 5b jiM of . a ;K^: / 
%i}Z iWi ^XBkiiict^:a^:S^tid^ (SYFPEITHI; . SEQ ID NP:13) or in ., 
• : 2^;;r ;^;:V.; v;::media using E:?? radios of ,100 : 1 , 50 : 1 25:1 and : : : ;i2. 5::^. . 
•ll^sfe':'' The; /resjiits^iarje shown in Fig. 6, 

||l?|l:';|:;':f Wu!:tP$is£'-- m;a||ria;y;ratche^; ; - : libraries ^elieXtymalaria^ ■; . 
itl'* ipecif ic^L at imniunbgeh doses ranging rrpm 10 fig to 1,-rag. 
.^ 8 ; t (Figs 2-5). Tn<s CTL activity is MHC restricted and is . 

29 : elicited when presented with the processed epitope as a; 

30 longer pe|t|de (Fig. 4 J, .. CTL activity was absent: When* C V, 
>V> target ceflf wer^: pulsejd ,with a K* restricted self -peptide 

Mo significant . 
lyjis was seen on the targets pulsed with the self 


34 
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i' : . ; example 2 .J';; ^fev-X ' 

2 MHC-Binding Motif Restricted Ratchet Iiibrary 

IpCSS^^'N 7 , bottom p^nel , illustrates an MHC-restricted 

lsj malaria ratchet library from the template peptide of SEQ 

f 6 :f ;; id NO: i . This library is constructed from malaria ratchet 

3 library 1 of fig. IB (also top panel; of Fig. 7) by 
8 replacing those positions which contain anchor residues 

|'l|gY : ' %r -| : - : : Jlfor: the K k , D b , K a , and molecules (see below) w^^i!|a;n^||j?;| 

10 : ' V; . equal proportion of the anchor residues at the posSltibh^in" 

12 have been identified as necessary for binding to |theMHC | 
±iMp\ class 1 molecule for the given haplotype, .. The anchor . 

V : residues for the indicated haplotypes are shown in the 

15 middle panel of Fig. 7 and the MHC-restricted malaria 

16 ratchet library is shown in the bottom panel of Fig; 7 . 

17 At each of these positions (i.e. , positions 2, 5, 8 

18 and 9) , the ratchet incorporates only those anchor amino 

19 acids shown in the middle panel. Thus/ position 2 
]0&i : U^- '. contains 50% tyrosine Y and 50 /*"'_ proline; position | 
Zl^A ^^ r ;cdhtains >?i asparagine, 33% tyrosine and 33% 

11 phenylalariine; position 8 contains 100% leucine .and;-> 

1 3 \ position 9 contains 25% eisoleucine , 25% |leuqine r ; :J : 5:% ■ 

:i4 : -' phenylalanine and 2%jnet:hionihe. Thus* t^his |a|^t:--:h^,;:; ; 

25 the anchor res idues iiivolved in binding MHC class 

26 I molecules and stimulating CTL. / 
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EXAMPLE • ' 

Ratchet Libraries Can Accomodate 
' Antigenic Diy^r siity 

An HIV ratchet library yas constructed from the SS^L 
■y- ( Fig ; 8 A , bottom pa ^ tempiite-;^ 
and the additional 14 HIV-1 secjuence^ | 
: amino ' ^i^Mf^^^' "the:: HIV-1 gpl20 ^ r^^^ 
V-Vpr^ 

■ ] sequence Variability - This region: :!c6nta'iris, : a :Df v - ■: 
' restrict€5d : ^ 

• The antigeri^ this region -is accomodated - ^ 

taking 15 HIV- 1 consensus sequences including the sequence 

; Hiy-iwpsier an ssa^ ., 

identity a^ ;amino,ab;id^ 
determined by the relative prev^leiice^fof : ^ 

those 16 seances. Next, it is the SSAL library yhich is | 
••ratcheted" to yield the HIV-1 ratchet library shown in 

the -bottc^\:ipane : l';of .Fig. 8. 



I 
2 
3 

;vr.:':,;-. : .::4 : .' '. 

7 
8 

9 - : 

:; : vio'; : V. 
■ n ■■ 

■ ,^ : 13 

14 

-?;:i6;::; -v -- 

17 
18 

• • 19 

:-:2b::-':'';. 
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3 Pept^^ Libraries from 

" ,'4. . pif f eteht Length Template Peptides 

' •6': : />. To examirie the 

■ - : : the ef f i c a c y c> f CTL induction via ratchet ; libraries^ 

■ HIV-1 gag peptide -;riri : e£n^ 

\;. :::^-l9^l r - - /;-' bottom -panel ) co h t a i n ing a mouse HIV CTL ^p i tope were 

^:--^^ : ^±-'. ' • synthesized- u is ii% 

}^iHy^±i. '20 amino acids of ^the gag sequence . a is.; : :##c^ /-. 

'■^P}:--%2-i ' respectively, and dies^ NOS:3-5; 

13 , - } respectively . ••• ' 

14 These libraries were formal a ted w i th 1 00 ^tg in 0. 5 mL 

15 as roicrbparticlesi emu lsions or 1 ipopept ides amd in;} ected 

16 as described in Example 1 with the following 

17 modifications^ 

18 Activated spi^nocy tes were pr epa r ed by cu 1 1 u r i rig wit hi 

19 pg/mL HIV gag peptide 3 S» 6-3 9^ 

20 Immunol. Methods 1^8 : 161-17 1 ] . The target cells were EL4 

21 and were incubated with 50 HIV gag peptide 390-398 . 

22 The results are presented in Ta Fig - 12 show the 

23 specific cell lysis results for the emulsion formulation 

; 2'4- : . : - : .ji"V"V" : f . V ."'bf=. .the ratchet 1 i br a r y from the 40 amino afcid tempi .• 
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CAfCl. w".— ~ ..,.,«r. ....... . ■ . 

emu is ion prepar a 1 1 on . 


c The tem: 


P<* 


of t^e indicated amino acid 
to 9-roers as described in 


Ex 


4. 


■ : • V:" ■■ 404^ '-'and "mean:; 

Thei synbols «^ as ; f oll^s. + g 

_rnS^Igni?icint speei|i| den lysis. . ^.g.^.^ 
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. : -30- ,.- -y; : :;: - " - . ." 

... ;1 ; • ' EXAMPLE 5 ' 

3 ?l; :: iMucinv Ra(tchet|;Li'b>raries , 

• ... v ; Fig 13 . panel) iprovid^W a mucin ^ratchet 

W' : library construdted from : the t^roplate^ pteptid^ of SEQ ID • 

:-:; 8 : ; NO: 7 or| ;SECj IDj NO : 8 . : . jiriucin is a large, heavily 

- 9 glycosylated ^ and : secrete^ by ductal 

■iW ? : ' . v So : p£|S5y^^ 

Ji2 V *hic£';£|^ 

<13 ; . : .dBei^^ : 

'i 4 . •.. .poWible^ho'^m^^^ ;;aW\a;.Ct^npl^^; ..^e" to 'end 

'-'Hi-. • :; -ef:fec^|iK^ • 

^L'f:- ;:: rt<?-- getfer^tMi^ 

: ^7 ;j .' ' : ' -.pep^ia^O^ 

'is-:- - . .amino^c^^^ -f^"'^' 

19 ! its amino termihiis to yield a ;te^ of 28 amino 

;:2p.'" . acids' '-bsfp^ejcalcu^^ middle 

%i" ' ' ' ; panei ; );i ; :V-:Al^ amirio-terminal 

■■S2 : . ■ ' "■ . ■ amino acldi •yer^Cpla;ced; ; at^/its car b6xy l ; ; ; .t|rn|inus ^ to yield . 

23 a template: peptide of- 2 8 amino j acids before calculation of 

24 the ra^het CF:ig^ 13, middle pinel) : With either method 

25 the ca iu la tted liiicin ratchet library is the same . 
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■ 3 : Mutant pS3 ji R ; ' 

\ ■'; >i The proteih^^^ ^ ; 4*^ which f ^^t^^t^y : ; 

' • 7 )■' : U^r''\ function eff More than ^ 

. >8^ :! § : ^ 

: ^.' : 9-1r-0%y-^i ; ^to-:,<>ne/'^^ in the; ;prot:ein^;;y,;::;;Cla^ 

that 'diirec^ 

■ -it: '•' :; : ;K DNA and ihclude the res id ij e s 1 y s i ne at ppst:ioh 120 ^erin^;'; 
' 12 - ' • : ; position 24 1 , arglni^ 248 / ; arginineH;^ 

13 . position 273 # alanii^ '-; cysteine: 

' : i5v: : V:^ 

16 '..^S-'v^ ■ Class ir Mutants affect residues that do 

17 nbt icbrit^ct DNA to have a role iri 

18 stabilizing protWih struct^ include mutations of 

19 : • : argihihe at p^ 

20 This example provides four peptide ratchet libraries 

' : - :; - : --The -four: : >r'a^ around mutation hot 

23v.'; ^-^^ 

• 24 '. : ; ; ; ;;:: : ';:i24"^i5i : (SEQ ID NO: 9 j ^s <a ; 10 finer ratchet library /^^^ l:r'^' : - 
r 25 peptide of ^**^Q S^Sr^^ f .". = 

. ; '2€\^ 

27;'V : ; ; ie';;a%a;;: : 9 : ^m<eir -V ratchet^' ^i^r^^^^- : ^ ) \ 

28 t^m^te peptide of r^mi^pt^dB 264-289 as a 9 -mer ratchet 

29 library. ,. 

30 * the- ratchet libr*^ 166-187 template is 

* 31 ■ especia 1 ly useful f or tr^a t ing colon cancer since this : '-ly^y^:'^ 
32 mutation is frquently Whcounteired yith this malignancy. 


•■- • >3 ; --.i':: ; : : : i.;" -^J ^; i;;::;^; ■ ^ ^ V:.; Influenza Rat ch e 1 i: lidbirar ies .. 

. ^; V; »>C;: |Ex : is ting • influenza vaccines ;are complex to de s ign ' -ia nd - ; • ; 

. • • ' .: : ::; '--ma niii.^ : c ; tu re' ;:a s . the prevalent strain of ' influenza;- can •;. 

y/Vyfe:;:.-: rapidly c and a vaccine dies i g hed to stiinulate 
: :'; • ; 9 • ; ;';vVa ritl bodi e js : against inf luenza A of strai^ 

: : - • ' 1 Q :: - : : . ' : T| e f iectiyey in ';eli citing x ; c 

; : ;V; : i : i- .. %; s tr a In tvrb . THe GT e ,hasi:beenp;sh^ be St 

"12- ' effective against influenza Animal inodels and in 

13 humans, and the addition of a 

14 pompdneht to existing vaccines, or a CTL Inducing vaccine 

15 alone r would dramat broaden protection aga inst many 

16 : 7 ',• /' V::"'. , ]■ ■ strains of inf luenza • ; : "; 

. ■" -17 ; ■ ■■■ . Tp . provide a : vaccine •• capable . of s t iinu 1 a ting a i ^TI. 

•18 response against influenza, known CTL epitopes can be ? ■ 

19 'J '-^Titch^%e€i : l'. Fig. 15 (bbttqm panel) shows Inf luenza ratchet 

2t) library 1 from a 25-mer template peptide of residues 139- ; 
^^&i?p '^ :; -;\-- : --y^l63^ (SEQ ID NO: 10) of inf luenza A A/ 34/PR8 nuclepprotein . 
; ; • - : r • • : - " . 0? ; ? • vThls ' library ' encompasses th^ 

;\ : 2;3 :: ' :: '. : of res idues 147 -155 • ' ■ Fig / 16 < bot tom pane I) shows 

24 " yylnf^ 

;. V: : 25 ' ' ID NO: 1 1 which is a linkage of 3" ^OTI^'. , * : _ "p; 

26 • Epitopes in brder f rpm N to C terminu^ of ; 5p^5Sp^■ : , : ■'g;>; 

v-.';.': : -; ;: 27 147-155 and 366-374 of the nuclib^rbt <e i n • 
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SEQUENCE LISTING 

\ (1) GENERAL INFORMATION: ; 

■ (i) APPLICANT: Kuebler; -Peter J.; 

' ::iP^;i : i^ : -: : Nixon, . Douglas ;F| . 

( ii) TITLE OF iNVENTION: Peptl^ Ratchets :f qjr Vact^nes : 

(iii) NUMBER 6F SEQUENCES : 13 : 

^f^V CORRESPONDENCE ADDRESS: ,1 
■ --M-y-'- ' !' ; j- (A) ADDRESSEE : : : M. Lisa Wilson 
(B) STREET : 25 Davids Drive 
•'. (c) CITY: Hauppauge : 
.: ■ ■ '.(D)' ' STATE : ■ NY ■' 

(E) COUNTRY: USA 

(F) ZIP:/ 1*788 

• : ( V ) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk , £ 

' ■ (B) COMPUTER: IBM PC compatible 

C) OPERATING SYSTEM: PC-DOS/MS-DOS . 
y (d) SOFTWARE: Patent In; Release #1,0, Version 

- ; : ;.-: v \- .; • ■; »i.25 ,i. ;■:;" * ? -I v - - -v^Wi ^-J^^fs 

( V i) CURRENT APPLICATION DATA: -y^ 
' : . (A) APPLICATION NUMBER: ;; 

(B) : FILING DATE : ■ 
.', (C) : - CLASSIFICATION: J 

.. iviii) ATTORNEY/AGENT II^R^ION^f 

(B) REGISTRATION: NUMBER : 34; 045 v 

(C) REFERENCE/ppCKET NUMBER: ?0£2; ^ 

fix) TELECOMMUNICATION INFORMATION : ; : 
" "(A) TELEPHONE: <S16>273-2828 ^ 

.:..■: (B) TELEFAX: (516)273-1717 

" (2) ' : INFpRMATION FpR ^SEaiip, ??r*VV-. 

" ^EQUENCEtCHARACtERI 
■, ■ ' • (a) LENGTH: 20 amino acids ; 
: - : - (B) TYPE : • aMno acid ; : y** • 
y[D) TOPOLOGY: \l*xi<ea^^ 

"- (ii) MOLECULE TYPE: peptide 
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(xi) sequence ; DBSC^ 

. . Asn As n ^ ^ lu 
Lvs lie l^eu 6^ Val I^s Qlri 

(2) 10OM^ ID;: : ;;NO:i:::-;:;-^ 

(Aj LENGTH : 3 5 amino acids 
IB) TYPE: amino ;ai 
• •• v - (D) ; TOPOLOGY; ; 1 

" . (ii) MOLECULE T^ 

- ( xi j S EQUENCE t)ES CRI PTION : S EQ ID; n6 : 2 : 

,. . cy S Thr Ar^ Pro Asn ;A|rt • Asii Tlir Arg Lys $er .lie- :;■-•>, 
: -His He Gly Prcr ^ 

Glu He He Gly Asp lie Arg Gin Ma Hxs Cys 

: ■ ■ V;:::; :: ;' ; v' ; ;/ :: . ; ':;:;C : : . " 25 ■ '^-W^-T(: V V 30 w 35 : 

< 2 ) INFORMATION FOR SEQ ; NO : 3 : 

' (i) S EQUENCE CHAI^CTORiSTICS : 

(A) LENGTH : -100 amino acids 

(B) TYPE: amino acid ... 
( b ) TOPOLOGY :;:;l;in|ar, 

.:'v: 

( xi ) SEQUENCE i^CR^p^ : SEQ^D|NO.^ 
," : J^#ie Arg Gin Gly 

. Val Asp Arg Phe Tyr ^ ; 

:' v: ^ \ - :: > ■ \ : i 5 / \i<- V '<*' J \ : v ■ v -M v : . J ?20V- \^ ' :;' : Y ; :v; 

Ala Ser Gin Glu Val Lys Asn Trp Met Thr Glu Thr 

25 : '^r^U:- -lO^^r-: : ; ' . ^.s:- H v ■ 

Leu Leu Val Gl^ Cys Lys ^r^ 

lie Leu Lys Ala -Leu /'Giy-i-iPrbYAla ; >Ala - Thr Le\i ;^lu; : ; 

: ; ^"G^ ^Leu^Ma, Gl^ 

, . ': v'V^ ■ - Gin Val V Th| Ile ftS;^ 


■ir ■ 
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Gly Asn Phe Leu 

• .. v : :..V-: : ; 100 ./ : :Z\:-:-yZ:p^:M^\ ." . - . ■ . ■' . / 

(2 ) 

V": • • t$)'!- : LENGTH r ;::4pv;;;a^ho : : . at ids •• : A 
X; ; f( b ) :;.t6polog y : : : % inear % 

v^:-;:;V ; .^ (xi) • Seque ^y-y^ 

■ ''&u--*iefr^ Giy Gly Pro ' W:;;' 

Gly His Lys Ala Arg Val Leu Ala Glu : Ala Met Ser 

;-/. ./,..-^- : : : r :: i5i- •:• ::x:u^y2o^ 

G i n va 1 Th r Asi n S e r Ala Thr ile Met : 

^Gly^Asri:;.^ y;0'^:£ ''- '' 

(2) INFORWATIQN FOR- SEQ ID 

( i ) : SEC^NCR^ - 
(Al IiENGTO: : ;;20V^indt; acids 
•. (B) . ..TYPE;: Xajmnp;: : :.acid ' • •:; 

. J (x^ NO: 5 :.; , ' 

'X- : %^ T ^ r * ie :> : v 

••••. :; - r . ■-;Mlt:' ■ Met Gin Arg Gly toi;^ ^ 

• : (2 V ^ FbR SEQ ID NO :^ : 

.. (i) ^ : Sfi(3t^CE 

' ' : (Aj LENGTH: 20 -aMnb;^ 
(B) TYPE : amino acid: 
(D) TOPOLOGY: linear 

( ii) : MOLECtniE TYPE . . ' 

i::H :; (iici ) ^kqtr^GE 2 DBSCkii^ibN : SEQ ID NO : 6 : •- 

^-'£roV'^ 
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; Pro Al a HisO^ Set Ala I 

( 2 ) INFORM^ION FOR S EQ ID NO: 7: ;., 

( i ) ; SEQUENCE ;G V • 

{ A) LENGTH : ' 2 8 amino acids •. 

■ : , : :. : ; ;';.;;v;; ;<p) • TQPOIiCKSY: linear ^ 

: - : • : .^(;ii j } ' MOLEf^JLE ' TYPE : : pept i de ' • • • 

Pro Al^ H Pro Asp Thr Arg 

Pro Ala Pro Gly Ser Thr Ala Pro Pro Ala His Gly 

. . : 'X: ' is " '" : ; ';'V: ; ';::; " v : : : 20 y >" : • : 
- Vai; Thr Ser Ala ; ■ • 

: 25 i m ' C'-'^r-:---: ' : ; . • - : : : " ; " ; • ■ ' , x:V " ' 

( 2 ) INFORMATION SEQ ID NQ:8: ; 

( i) SEQUENCE CHARAlCTO :" 

h (AjoLEOTTO: 28 amino acids: • • 
; i < B ) TYfE : amino acid 
{DV TO : linear '-a. 

( i i ) MOLECULE TY^E: pep t ide 

(^^) SEQUEITCE DEiSCkiPTION : .; : ) S^^^iB}}^ : 

Pro Asp ThiiAr^ Pro Ala Pro Gly Ser Thr Al a Pro 

• :.^:v^ : -^.v^ •;-:::; : v ym/-. : ; :^-V^'?;-;. .^.■■^■■v"- 10^,, i ; : : : ■ 

Pro Ala His Gly Vail:; Thr Ser Ala Pro Asp Thr Arg 

= - .-. a^t- • =' 20 ' vi ; : X':\y ' : • ■ • 
Pro Ala I>ro Gly 

25 ...^tf^jV:;.} : , : : , ; : ::: : ;V.,:;:. : ., /V;?.: : : ."" '-. 

( 2 ) INFORMATION FOR SEQ ID NO : 9 : 

: (i) ; S^ : ; i ' 

( A) : ; ; LENG^ : ; ; 2 8 amiiiQ a c idsi ; ; 
: • ( B ) TCPE : a^no ac id . ■'. 
t:/-MX>) j TOPOJ^Y: linear 

j -itxi ) SE^^ DESCRIPTION: 'SEQ|; : ID NQ :S : ; 
Gvs%r. : ^r ; ^Ser Pro Ala Leu Asn Lys : Met Phe Cys 
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Gin^^ Leu Trp Val 

••^jpriSer^Tlir'. Pro 

liiHi^ . 

: :' 

aqi^S.;-.;; v 

- " ' • B')' : : • ; 'TYPE" :' ^ayo&ndlac^ 
; (ii) ^ : TXPE|::;::p^ 

:;: :::':Vv-T:: : V\,::v : - : ; ■-■ -VB^"' '&J':'< } - f - * - ■ 10 ' - . - 

>Thr Ara Ala lieu Vai A±g ;Thr Gly Met Asp Pro Arg : 
15 ; ,20; : : ' 

Met ' 

; j 25 

;< 2 > xnformat: xon ?w sig ib ^ ; 11 - 

(a) LENGTH : 2 6 : autiino acids 
;: (B) : TYPE : arninp : : ;acid 
' 1(b) . TOPOLOGY:; linear ; 

; U SEQ ID NO:ll: 

i'^hr Arg Ala I^u ^ Asn Met Glu 

•• .':i5y- / :r&^ : '-' : r 20 

Thr Met 

{. 25 . :::: • / . : ; : . - ;., : .... • \ : ; : . . .; . : ; ;. . 

: : (2) ^ ? 0R SEQ jib NO: 12 : 

V:^(±jp SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 6 amino acids 

^ r (B)^ - ' ,- 'WPE:- : 'aiiin6" acid : ^ 

(D).-CTOjroii(OGY :? linear 

(ii| M^ peptide 
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: ' •( ix) FEATURE : / S^- ' 

(A) NAME / KE Y : Modi f ied - si te 

•••' :".': ;: :v.-.;. (B) LOCATION: - 1 

vv.':-; : .(D) OTHER INFORMATION : : /note- "N- terminal 
• . tripalmito^^ Vy v , 

( xi ) SEQUENCE DESCRI PWON ;S EQ ID : TO: 12 : :i; vg^ft^ 

i.i^sv|sSr Lys Lys Ly|; ; :L)^ 

|2 ) INFORMATION FOR SEQ ID NO : 13::. ^ : . 

: ^ " Vi:) : ^S : iEQUENCE CHARACTE^I STI CS ;: 

x (A) ' • LENGTH ::;;; : 9:'^intf:;: acids; : ■ 
: -['.y'[ : W'' y - : {B) TYPE: amino acid ' 
■' (D) TOPOLOGY : linear 

! ; V" ( ii) MOLECULE: TY^E: peptide 

(xi) SEQUENCE DESCRIPTION :; SEQ ID NO: 13: 

: Ser Tyr ^he Pro Glu lie Thr His lie 
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::: : We - Claim:.. 

^Wf^iTf-yW^- i# ' ^ ratdiet 5 library of peptides comprising at least 
S one immunostimulatory cytotoxic T lymphocyte (CTL) epitope 

W:ZWMyherein-. siid peptides are of length ^rf^^s^f^^ot .: ^ 
5 ■ said peptides in s^id; library being determined fro* a? 

. that each position x in the 1 ibrary has a 11 |he amino 

M acids present in said template peptide at posi|ions x|to , 
n-(l-^r , inclusive; [tne ratio^cf amino acids': *|* each ;|r ^/§. 

••• V ^||ll^'^tiiui;7 to about 25 amino acids, n Is:,* ?o* = ■^^g^bputy^ 

■•; - : : -■ i '<> 0 : -, .and.- x is from 1 to 1. 

•V' 2 .' The library of Claim 1 wherein n is ?rom 1*1 to 

15 about 75. 

3 . T he library of Claim 1 wherein n is from 1 +1 to 

v v '...V about 50. 

- '\MS&^y- 'y A The library of Claim 1 wherein 1 i^ from 8 to 10. 
,;. 5 •. The 1 ibrary of Claim:! wherein ^ .is-i.-^/-^ 
',4;^;. T he lilararyiofCci^ira;: l ; whe're in^i f^^^io^^ . 
Ifftf ^identiiied 'as.-^artVof > 

XB£ .^ipit-ope , : ' then" that portion .xUs • f ixed;,as|;oiie' ^« \g ^ 
lift: |mino. acids ■' of said HHC-binding motif in an jeqiiimolar j > 

y • •. ratio. ' '■■ ./ . :: ;V yy^y ^yM:^. y-yyy^Ji^CP 

llllllllp; ^. ". ; The library of any one of ; Claims ;r:toA 6|wherein/;| ; : 

ftM'li:- "tumor; antigen, allergen or other protein an^genj;-/ -"^^p 
8 The library of Claim' 1 tP ; .^?^|V«^ r ^J?;' : ^i^- 
r: epitope ' is from a melanoma protein ' ;i=^ol^dl^^*^i^l ^ 
^--fl and -3; -a renal cell carcinoma protein; a colon carcinoma 
protein; a prostate cancer protein (malignant or benign); 
■^'S f: ; >includihg ' PjSA; ' tyrosinase; an oncogene >uch as HER^neu ; 
proto-bncogene; ras; ' MUCl ;J P 53 ; pl6 ; TL; ati HIV-^ or pv-2 
protein including envelope, gag, pol , rief , tat, rev, ,ypx 
,5 ]$L\u0'*pui an HTLV I or II protein including envelope, gag, 
■ pol, px or TAX; lymphocytic choriomeningitis V^i^tia 


20: 


25 


10 
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mice; • influenza . A , B or ^C^Inci^ ;:v : -;-; : .' ., 

NP or HA? an Epsteih-fiarr y 

E EN L v : ; EBN A 3 - EBNA1 or; • ^Piresp iratpry : syncytia f y i r.u s ; ;^|f ; ; • 
:'■'.} • • hepatitis B virusi^hepatlti'^ 
■'•;; : i5-; -;- virus; cy tomeg a 1 oy i rxxs ; a pai r a i h f lii^nia virus 1 prpt^i'hi;;^ 

including hemagglutini phosphoprotein p^^^^^^: ; 

nu c 1 epprpt e i n ; i n t:r ac i s ter n par t i c 1 e gag; bovine 

■ :;*: v .: : - : ''" l6r ■■"/."/•-■ ovale, \)p. viyax> P. mal£riai;;"Histbpias^ 

Listeria ; Toxoplasmosis^ 
tuiiercUIi; M. lepri;i pnii$m 
^sarcoma or f ramesh if t sequences . 
• • .-■ 9 . ■ " The library ^ipf Ifeiai^ 

15 ' •. peptide is '.any '- one- of S EQ I D' •' • NP : S| : . : : : : •; 

10. The library of any ib^ 
' ' wherein said peptides p^ have a c^ 

at N-termina 1 tripalmit^ 

/:• /^^mpiety ..: ->y . . ■ 7 - : .;>: i ^y'rV^-. : 777 ?••;:; :.7:-'; ^ : • .V : : ; : • ; > : : C:: : >;": -> : : ; : ; ■■ . ""• . v. ... 

• 20 • \ The 1 ibrary : pf -^ariy^ph^ 1-6 • or ; 9 : %^§^/$y}^ 

^ : V;v; :: ';-where; : i : n; said p e p t i d e s ;ar lirikeid 1 6 : ; : a . ; ;br a n ch ed : |cor e; | 
jsequence, ".are polymer iized-^-^pr^ 
mpljeculeV 

12. A pharmaceutical <^ 

.7 V; --25 • .' y-L^c.bijprising the 1 Ibrary p^ anyno ; or a- 7 

pharmaceutical ly acceptably 
pharmaceutical ly acceptable parr lei: . 

13. The composition of Claim 12 wherein said 
compos it ion is an emulsion or a microparticle fprmu 

30 14. The composition of Claim 12 wherein said^^^ ; : 

formulation also comprises tripaimitoyl-S^glycerolcyteine : 
or; a derivative therieof v 

■■. ' :15 . . A pharmaceutical or yacq i ne compos i t i on ; . 
V comprising the library of Claim 7 V pharmaceutical ly 

i 35 acceptable salt thereof , and a phiar maciautically acceiptable 

* •• • ' - V -\ ^'-'carrier ■ >7 . , : '^\y^k^%k 
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16 . The composition of Claim! 5 wh^r ^ in said 
composition is an emul s ion or a mi c rbpa r t ic le ; for inu 1 at ion. 

17 . The ' compos ijt ion o f C 1 a im 15 -i whe r^i ■■■ ' . 

formulation a 1^ tt ipa lmitipy 

•: 5 V/AO* a ■ dierivatiVe thereof . :v • 

18. A ihethpd of treat ing or preventing a disease or 

said . cpinpOsi €ioh^t^l^i^ l;2:;::t<^ 
; : stimulate 
10 ma^ 

said . library • . • • 

"■ 19- -< A. mi£tftpd^ 
a ma 1 ignancy • which comprises 'administer irvg: ^ahi)|wount of 
said composition of Claim to 
15 stimulate a CTL response against sa id d isease or said 

• malignancy associated; 

said library. v 1 --;-:"^ 

20. A method of constructing a 1 ibrary ypf Related 
peptides to provide a ratchet library which comprises 
2d identifying a template peptide; calculating a distribution 

'<>: : pot ,- amino acids atfe^ 
■■/:;^'}'pTBsent in the template .pep& 
: :v/.;y;;;inclusiYe , wherein : I • is from about 7 tg?^^ : : : : n;'is ■ '■/:[.- 

from 1+i to abbut 1^ : : is >f rom';;;^ 

25 " synthesiz ing'^saidViratche 
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Sequence Alignment by Position 

m N D ..:D ■S:-,v.:-."Yr-- :/.•..••:., ,.r-r ... * 

. 0 :>3-; =*^- ^ ^^^f^ft^5,<K ■ 
S :• . Y :' : -'P.i^ : -: : ' : :.S:vv A ,: E ;: : -K;. . - 1 ; 

.^S.:,:AV,:'.:-.E K E F Y 

X^E-'-' K •'• -I : • -v-Lv:- E F v £ 
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